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Introduction

Breast cancer is one of the leading causes of cancer death. 1,25-dihydroxy vitamin D,
plays an essential role in a variety of cellular mechanisms involved in calcium homeostasis,
inhibition of cellular proliferation and induction of cellular differentiation in a variety of
cancer cells, such as breast, prostate and colon. 1,25-dihydroxy vitamin D, generates
cellular responses via gene transcriptions mediated by a 1,25-dihydroxy vitamin D, specific
nuclear receptor (VDR). We are engaged in a search for vitamin D analogs that will
exhibit high potency in cell growth inhibition and cell differentiation activity, without the
hypercalcemic side-effects. We are also interested in identifying the molecular alterations
associated with breast tumors.

We have completed several in vitro and in vivo studies of novel vitamin D, analogs used
alone and in combination against breast cancer. In our prior studies, we synthesized a
series of novel 20-cyclopropyl-cholecalciferol vitamin D, analogs that were found to be
potent inhibitors of clonal growth of MCF-7 breast cancer cells. We examined a new class
of Vitamin D analogs that have a novel 5,6-trans motif; the most potent of these analogs
affect cell cycle regulatory mechanisms, upregulate expression of cyclin dependent kinase
(CDK) inhibitors, inhibit tolomerase activity, and induce expression of a novel candidate
tumor suppresser gene. We examined the use of vitamin D analogs in combination with
All-trans-retinoic acid in human breast tumors in BNX mice and found an additive effect
which decreased tumor mass nearly 3-fold with minimal toxicity. Due to the dearth of in
vivo studies examining the long term effects of Vitamin D analogs, we administered unique
analogs for approximately one year to Balb/C mice and performed extensive toxicity
analyses which revealed that these compounds were well tolerated with minimal toxicity.

We have shown that a peroxisome proliferator/activated receptor gamma (PPARYy)
(Troglitazone) in combination with All-trans-retinoic acid (ATRA) a ligand for retinoic acid
receptor, significantly decreased proliferation and induced differentiation and apoptosis in
human breast cancer cells in vitro and in vivo. Pursuant to these studies, we initiated a
clinical trial to examine the safety and efficacy of the synthetic ligand of the peroxisome
proliferator/activated receptor gamma (PPARYy) Troglitazone and All-trans-retinoic acid in
patients with metastatic breast cancer. This trial is still ongoing.

We have demonstrated that the organic arsenical, Melarsoprol, has significant activity in
breast and prostate cancers. This compound may have efficacy as a novel treatment for
breast cancer.

We continue to search for genetic alterations of breast cancer; our studies include
examination of a mutation of the p16™***binding domain of the CDK4 gene and evaluation
of the novel tumor suppressor gene DPC4/SMAD4 in diverse types of cancers, including
human breast cancer. To better understand the role of cyclin dependent kinase inhibitors
in breast cancer, and a variety of other neoplasms were examined for p21VA™" p27KP1,
p15NK4B p16INK4  p18INKC and 19Nk alterations.



We have demonstrated that 1,250H, -D, (vitamin D;) modulates BRCA1 expression in a
panel of breast and prostate cancer cell lines and that the extent to which either vitamin
D; or its analogs modulates BRCA1 is often proportional to their ability to be clonally
inhibited. Reducing vitamin D receptor contentin one cell line reduces the clonal sensitivity
and ability to induce BRCA1. These data suggest that BRCA1 protein expression is an
important pathway for controlling cell proliferation in both breast and prostate cells. We
speculate that some aspect of Vitamin D, signaling, such as co-activator is lost in these
cells that selectively reduce transactivation of genes that are critical to controlling cellular
proliferation.

Body
1. Vitamin D, and Other Studies:

a. The active vitamin D, metabolite 1,25-dihydroxyvitamin D, (compound C) is an
important modulator of cellular proliferation and differentiation in a variety of normal and
malignant cells. Most breast cancer cell lines and more than 80% of breasttumors express
high affinity intracellular vitamin D receptors (VDR) (1-4). The hypercalcemic effect of
vitamin D, has limited its clinical utility. Vitamin D, analogs have been developed that
inhibit cellular proliferation and induce differentiation without the attendant hypercalcemia
(6-8). Vitamin D, analogs and Taxol are able to inhibit the in vitro growth of a variety of
malignant cells including breast cancer cells. These compounds decrease growth by
different mechanisms and have non-overlapping toxicities. We examined three vitamin D,
analogs to inhibit MCF-7 human mammary cancers in BNX triple immunodeficient mice,
either alone or in combination.

One of the exciting new analogs identified to date is 1,25-(OH),-16-ene-23-yne-26,27-F -
19-nor-D,(compound LH). This potent analog reduced the development of breast cancer
in nitroso-N-methylurea-treatedrats (10). Furthermore,dose-response studies showed that
it was one of the most potent vitamin D, analog in suppressing clonogenic cancer growth,
being able to suppress at 10" M greater than 50 % clonal proliferation of the MCF-7 and
SK-BR-3 breast cancer cells. The analog increased the proportion of cancer cells in G,/G,
phases and decreased those in the S phase of the cell cycle (9). Pulse-exposure studies
showed that three day exposure to LH (107 M) in liquid culture was able to achieve a 50%
inhibition of MCF-7 clonal growth in soft-agar in the absence of analog suggesting that
inhibition of growth mediated by Compound LH is irreversible (9). Further studies have
found that the cyclin dependent kinase inhibitor known as p27KIIO1 is induced at high levels
by Compound LH in the MCF-7 and SK-BR-3 breast cancer cells (9).

The analog 24a,26a,27a-trihomo-22,24-diene-1,25(0H),D; (Compound EB1089) has a
wide spectrum of anti-cancer activities in vitro including breast cancer cells (11-14); the
analog is between 7-50-fold more potent than the parental 1,25(OH),D; (Compound C) in
vitro against cancer cells. It appears to have similar affects on serum calcium levels as
compared to 1,25(0H),D; (11). A Phase | study in patients with advance breast cancer
showed that EB1089 can be given with predictable affects on cancer metabolism (14). A



Phase I trial of this novel vitamin D, analog is currently underway in patients with breast
carcinoma.

The taxanes are an important new class of anticancer agents that exert their cytotoxic
effects through a unique mechanism. Paclitaxel (Taxol) stabilizes microtubules and inhibits
their depolymerization to free tubulin. It can block mitosis, induce extensive formation of
microtubule bundies in cells, and cause multinucleation of cells during interphase (15-17).
Taxol, the first taxane in clinical trials, is active against a broad range of cancers that are
generally considered to be refractory to conventional chemotherapy. This has led to the
regulatory approval of Taxol in many countries for use as palliative therapy of patients with
ovarian and breast cancers resistant to chemotherapy. Taxol was discovered as part of
a National Cancer Institute program in which extracts of thousands of plants were screened
for anticancer activity (15). Taxol-based combinations, especially those with doxorubicin
or cisplatin, appear promising for further study (18,19).

The vitamin D3 compounds and taxol have non-overlapping toxicities. To our knowledge,
no one has studied the ability of the combination of a vitamin D, analog and Taxol to inhibit
growth of human breast cancer in vivo. We report that this combination of therapy is
efficacious in inhibiting the growth of MCF-7 tumors in BNX nude mice.

In our studies animals were bilaterally, subcutaneously injected with 10° MCF-7 cells/tumor
in 0.1 ml Matrigel (Collaborative Biomedical Products, Bedford, MA). Before injection of
cells, the animals received 300 rads whole body irradiation. Mice were divided randomly
into eight groups of five mice each:Group A:nontreatment (control); Group B:Taxol; Group
C:Compound C; Group D: Compound C + Taxol, Group E:Compound LH; Group
F:Compound LH + Taxol; Group G:EB1089; and Group H:EB1089 + Taxol.

Vitamin D; analogs were administered intraperitoneally every other day at the following
doses: Compound C, 0.05 pg/mouse; Compound LH,0.0125 pg/mouse; and EB1089, 0.05
Hg/mouse. The doses were chosen after a series of initial experiments determined the
highest dose of the vitamin D5 that could be given without causing hypercalcemia. Taxol
(25 mg/kg/mouse) was administered intraperitoneally once a week. The dose was chosen
from the report of Kalechman, K. et.al (19). One day after tumor injections, mice were
treated with either vitamin D, analogs alone, Taxol alone, or the combination of a vitamin
D, analog and Taxol. During the experiment, four mice died: one in the Compound C +
Taxol group; one in the Compound LH + Taxol group; and two in the EB1089 + Taxol
group. The cause of their deaths was unknown.

Tumors were measured every week with vernier calipers. Tumor size index was calculated
by the formula: a x b x ¢, where a is the length and b is the width and c is the height in
millimeters. Serum calcium values were measured on days 20 and 68 by atomic
absorption spectrophotometry (Perkin-Elmer 560) and a modification of the calcium o-
cresolphthaleincomplexone complexometric reaction(DupontAnalyst Benchtop Chemistry
System, Dade International).



At the end of the experiment, animals were killed by CO, asphyxiation and tumor weights
were measured after careful resection, and blood was also collected from the orbital sinus
for chemistry and blood analysis. Chemistries and blood analyses were measured by
Dupont Analyst Benchtop Chemistry System, Dade International, Newark, DE and by
Serono-Baker 9000 Diff, Biochem Immuno-Systems, Allentown, PA, respectively.

At completion of the trial, all the treatment groups had statistically significantly smaller
tumors than the non-treated group. Administration of vitamin D, analogs alone remarkably
suppressed the growth of the tumors. The most potent single agent was EB1089 (Group
G). The second in potency was Compound LH (Group E), followed by Compound C. The
antitumor effect of vitamin D, analogs appeared greater than that of Taxol and the
enhanced activity was observed when vitamin D, analog and Taxol were administered
together. In each case, the combination of a vitamin D, compound and Taxol suppressed
tumor growth greater than either alone.

The results were similar when the effect of vitamin D, analogs and Taxol were evaluated
by tumor weight at the conclusion of the study (Figure 1). Again, EB1089 was the most
potent single agent, and the combination of a vitamin D, compound and Taxol was more
potent than either alone. Tumor
weights in the combined

B A treatment groups were
. B® A approximately 30% to 50% of
E i ¢ those in the no treatment group.
% DM All the treatment groups were
: B e statistically different from Group
§ B FuwD A (control, p<0.01). In addition,
% B o) Group H (EB1089 + Taxol) was
‘ B sesn statistically different from Groups
D (Compound C + Taxol) and F

Group (Compound LH + Taxol).

tami i i inati the weight of MCF-7 tumors in BNX nude
Figure 1. Effect of vitamin Dy analogs and Taxol, either alone or i go.mb'm:non, on X NX
n:iiue'.‘eMCFJ breast cancer tumors were established by subcutaneous injection of the cells. Vitamin D3 analogs were administeced

ini i i ks of
i i i Saturday and Sunday. Taxol was administered ip. once a week, After nine wee . ]
::;m:zr::ar:grs( 'vz::smze;nﬁ;ﬁ Rcsuhs};epr&m means + SD of six to ten tumors: a, significantly (p < 0.01) different Th e d ose of th ese Vv |t amin D3
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' inhibition of the size and weight of
breast cancer did not elevate the level of the serum calcium (normal 8.5-10.5 mg/dl). We
believe that initial calcium values were lower in all mice including controls than later in the
study as a consequence of using two different methods of measurement. In the first
measurement, we used atomic absorption spectrometry and in the second we used a
modification of the calcium o-cresolphthalein complexone complexometric reaction.

During the study, all mice were weighed once per week (Figure 2). Each of the cohorts
gained in weight, but groups D (Compound C + Taxol) and G (EB1089) had statistically
lower body weights than the non-treated group. The body weights in these three groups
were 82-87% of that in the control Group A. The body weights of the other cohorts were
not statistically different compared to the untreated control Group A. In general, each of



the mice looked healthy.

The present data show that the vitamin D,analogs and Taxol had potent anti-breast cancer
activity in vivo without causing hypercalcemia and other major side-effects. Combined
treatment of the MCF-7 human breast cancer cells resulted in a stronger inhibition than
treatment with either a vitamin D; compound or Taxol alone.

Antiestrogen therapy is the pivotal endocrine therapy of breast cancer (20). However,
breast cancer patients whose tumors do not express estrogen receptors constitute 30-40%
of breast cancer patients (5); and they have a significantly worse prognosis than those with
estrogen receptors (21). Furthermore, resistanceto antiestrogentherapy frequently occurs
(22); in these situations, treatment with vitamin D, might be useful.

The 1,25(0OH),D, and its analogs can inhibit tumor growth by a variety of mechanisms,
including regulation of angiogenesis, apoptosis, tumor invasiveness and G,/G, cell cycle
arrest as a result in part of the enhanced expression of the cyclin dependent kinase
inhibitors known as p21VAF! and p27"P! (23-27). Despite promising antitumor activity of
1,25(0OH),D, in vitro, its calcemic toxicity in vivo limits the doses that can be given. The
vitamin D, analogs LH and EB1089 have almost the same growth inhibitory action as
Compound C, but 50-100-fold lower concentrations of these analogs were required or this
anticancer activity. In contrast, in vivo studies have shown that the calcemic activity of the
EB1089 analog was lower than 1,25(0OH),D; (11,28-30). The Compound LH had slightly
higher calcemic activity than 1,25(0OH),D; (11). Our data show that the growth inhibitory
action of the three vitamin D, compounds was statistically greater than that of the non-
treatment group. Moreover, each of these cohorts had inhibition of tumor growth without
hypercalcemia.

Taxol is one of the most important new cytotoxic agents to be introduced for the
management of breast cancer in several years (15-19). Combinations of Taxol with
various cytotoxic agents are being actively explored (31-34). As expected, the present data
show that taxol has an anti-breast cancer effect in vivo. The combination of one of the
vitamin D; compounds with Taxol remarkably suppressed the growth of human breast
cancer cells in vivo (Figure 1). This was shown most impressively when examining the
tumor weights at the conclusion of the study, which decreased 70% in the mice that
received the combination of EB1089 with Taxol as compared to that in the diluent-treated
control group.

Chemotherapy of many stages of breast cancer is still based on the combined use of three
major classes of anticancer drugs: alkylating agents, antimetabolites, and anthracycline
antibiotics.Nevertheless, these combined chemotherapies are associated with overlapping
toxicities and are not completely effective. Therefore, combinations of different forms of
therapy including biologic modifiers such as vitamin D5 analogs combined with Taxol, as
well as antiestrogens, and retinoids may be worthwhile.

Taxol exerts its cytotoxic effects through a unique mechanism of microtubules



stabilization resulting in blockade of mitosis (16,17,35). The vitamin D, compounds are
lipid soluble and freely enter the cell. They bind and activate the vitamin D, receptors,
allowing efficient interaction with vitamin D response elements thus modulating the
expression of various genes. Despite intense research, the exact mode of action by which
vitamin 1,25(OH),D; and its analogs inhibit cancer cells growth remains largely unknown
(36). They can lead to cell cycle arrest with elevation in levels of p21WAFT and p27KP!
cyclin dependent inhibitors. Taken together, the vitamin D, compounds and taxol probably
inhibit proliferation of cancer cells including those of the breast by different mechanisms.
Furthermore, the toxicities of the two therapies are clearly different, with the vitamin D,
compounds potentially producing hypercalcemia and the taxols having the ability to cause
hematopoetic cytopenias.

b. The prevention of cancer (chemoprevention) is clearly more cost effective than the
treatment of an established cancer and may represent the best approach to this disease.
We (and others) have shown that activation of the peroxisome proliferator activated
receptorgamma (PPARY) by thiazolidinediones, including the syntheticligand Troglitazone
(TGZ), inhibits cultured breast cancer cell lines (37,38). Ali-trans-retinoic acid (ATRA) also
inhibits in vitro proliferation of breast cancer cells and the combination of TGZ and ATRA
caused significant apoptosis of MCF-7 breast tumors in mouse models without significant
toxicity (38).

Retinoids (RA) mediate their activity via the retinoic acid receptors (RARs) and retinoid X
receptors (RXRs). PPARYy is a member of the nuclear hormone receptor superfamily that
includes retinoic acid receptors (RAR and RXR) and thyroid hormone receptors. PPARy
heterodimerizes with RXR and binds to DNA, resulting in expression of genes associated
with many aspects of differentiation, cellular development and general physiology (39,40).
The PPARY ligand TGZ is useful for the treatment of Type 2 diabetes and has been used
to treat over 1 million individuals with this disease. These agents may enhance
differentiation of adiposytes and thus may be associated with upregulation of their glucose
pumps, however, the exact mechanism of action is unclear. All-trans-retinoic acid, an RAR
specific ligand, selectively inhibits growth of ER-positive breast cancer cells (41,42) and
is also effective in preventing mammary carcinogenesis in rodents (43). The lack of toxicity
for most individuals receiving TGZ for adult onset diabetes, as well as the lack of adverse
effects of several RXR ligands including 9-cis retinoic acid, makes the combination of TGZ
and a RXR analog an attractive combination for in vivo chemoprevention trials.
Furthermore, there are several new thiazolidinediones now available; these compounds
do not appear to have the idiosyncratic liver toxicity that occurs rarely with administration
of TGZ.

The murine mammary gland organ culture system effectively evaluates the effects of
potential chemopreventive agents to inhibit the induction of preneoplastic lesions (44-47).
Mammary glands of BALB-C mice are placed in organ cultures containing a variety of
growth proliferative factors and hormones and are treated with the carcinogen 7,12-
dimethylbenzine[a]lanthracene (DMBA) to induce preneoplastic lesions. The mammary
epithelial cells isolated from these lesions, are placed into synergistic hosts and
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subsequently develop adenocarcinomas. Using this technique over 150 different
chemopreventiveagents have been tested. This assay is highly reproducible and provides
a good correlation with the efficacy of a chemopreventive agent in both in vitro and in vivo
models. We have used this model system to analyze the efficiency of TGZ and/or a
retinoid to prevent the formation of DMBA-induced mammary lesions (MAL) in a murine
mammary gland organ culture model.

In our studies we found that combining a PPARYy with a ligand specific for RXR (LG10069)
enhanced the suppression of development of mammary lesions. Previous studies have
shown that simultaneous activation of both receptors can result in synergistic activity in
several assays of cultured cells as well as augmented in vivo anti-diabetic activity (48).
Furthermore, we have previously shown that a PPARYy ligand and a RXR ligand can have
enhanced antiproliferative effects against both breast and prostate cancer cells (38,49).
Previous studies have shown that a RXR-specific agonist(LG10069) had chemopreventive
activity against chemically induced rat mammary tumors (50). However, such activity for
LG10068 has not been reported.

We examined the effect of TGZ combined with a RXR ligand (LG10068). The RXR ligand
(107 -10"® M) was unable to inhibit DMBA-induced mammary lesions (figure 1A shows a
DMBA-induced mammary lesion), and TGZ (10°) in this series of experiments inhibited
mammary lesions only by approximately 14% (Table 1).

Table 1: Effects of Troglitazone and/or ATRA on the Development of DMBA-Induced Mammary Lesions

Incidence Inhibition
Glands with of of

Group Treatment Lesions Lesions Lesions Chi Square

% % p=<
1 DMBA 26/30 87
2 TROG (10°M) 12/20 60 31 0.06
3 TROG (10°M) 7/20 35 60 0.005
4 ATHA (10*M) 5110 50 43 0.05
5 ATRA (10"M) 4/10 40 56 0.01
6 ATRA (10°M) 2/10 20 77 0.003
7 TROG 10°M, ATRA (10*M) 4/10 40 54 0.01
8 TROG 10°M, ATRA (10®*M) 3/10 30 66 0.005
9 TROG10°M,ATRA (1 0'M) 0/10 0 100 0.001
10 TROG 10°M, ATRA (1 0°M) 2/10 20 77 0.003
11 TGOG 10°M ATRA 10°M 1/10 10 89 0.001

Trog, troglitazone; ATRA, all-trans retinoic acid; DMBA, 7, 12-dimethyl-benz[a]anthracene.
However, when the two were combined, the percent inhibition of development of breasts

with abnormalities was 85%, showing that the two ligands together were clearly more
effective that either alone (Table 2).
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Table 2 Effects of Troglitazone and/or RXR Analog on the Development of DMBA-Induced Mammary Lesions.

Group Treatment Glands with Incidence of Lesions (%) Inhibition of
Lesions (%) Lesions Chi Square

P=<

1 DMBA 7/10 70

2 TROG (10°M) 6/10 60 14 NS

3 TROG (10°M) 1/10 10 85 0.02

4 RXR (10"M) 6/9 67 5 NS

5 RXR (10*M) 8/10 80 0 NS

6 TROG (10°M)+ RXR (10*M) 1/10 100 85 0.02

7 TROG (10°M)+ RXR (10*M) 0/10 0 100 0.01

8 TROG (10°M) (0-4 days) 2/10 20 71 0.024

9  TROG (10°M) (4- 10 days) 2/10 20 71 0.024

RXR, LG 10068 ligand (retinoid that selectively binds RXRct), Trog, troglitazone

The PPARy heterodimerizes with RXR, and each can simultaneously bind to their ligand
resulting in enhanced activity of this activated receptor complex. These resuits are shown in
a representative photograph of the gland (figure 1B). Additional studies showed that TGZ
probably inhibited both the initiation as well as the progression of the DMBA-induced lesions.
Further studies are required to determine the target genes associated with this anti-cancer
activity.

This is the first report showing
the possibilty of a PPARy
ligand having chemopreventive
activity.  Troglitazone is a
relatively non-toxic compound
at a wide range of
concentrations, but it is a
potent inhibitor of the
~ development of preneoplastic
lesions of the mammary gland
in organ culture. Also, a RXR-
or RAR-selective retinoid
appears to enhance this
chemopreventive activity; thus,
the combination of a
thiazolidinedione with a
retinoid, such as either

Figure 1

ATRA or LG10068, may be a good candidate for an in vivo breast cancer chemoprevention
study. Individuals at high risk for developing breast cancer can be identified due to the recent
advances in genetics and the epidemiology of breast cancer. It is these individuals who may
receive the most benefit from a chemoprevention regimen containing a PPARYy ligand combined
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with a retinoid.

Mehta RG, Wiliamson E and Koeffler HP. PPAARy Ligand and Retinoids Prevent
Preneoplastic Mammary Lesions. In Press JNCI (publication date 3/1/00)

2. Molecular Alterations in Breast Cancer:

To continue our work to identify genes that are involved in the tumorigenesis of breast cancer,
PCR-selected cDNA subtraction was utilized to construct a breast cancer subtracted library.
Differential screening of the library isolated the growth factor inducible immediate-early gene
Cyr61, a secreted, cysteine-rich, heparin binding protein that promotes endothelial cell
adhesion, migration and neovascularization. Northern analysis revealed that Cyr61 expression
correlated with invasiveness and tumorgenicity in breast tumor cells. Cyr61 is expressed highly
in invasive, ER negative breast cancer cell lines MDA-MB-231, SK-BR-3 and MDA-MB-157,
at very low level in less tumorgenic, ER positive cells MCF7, T47D and BT-20, and barely
detectable in normal breast cell MCF12A. Significantly, high expression of Cyr61 was found in
about 40% breast tumor biopsies tested. Interestingly, expression of Cyr61 in breast cells is
modulated by both estrogen and antiestrogen in a time- and dose-dependent manner.
Expression of Cyr61 increased 8-12 fold in MCF12A and 3-5 fold in MCF7 after 48 hr estrogen
treatment. The induction of Cyr61 was blocked by tamoxifen, an estrogen receptor inhibitor.
These results suggest that Cyr61 may play a role in the progression of breast cancer and may
be involved in estrogen-mediated tumor development.

Xie D, Nakachi K, Higashi Y, Sakashita A, Miller C, Koeffler HP. Cyr61, an angiogenic inducer,
is overexpressed and estrogen inducible in breast cancer. AACR Abstract submission

Conclusions:

Our data demonstratethat the combination of a vitamin D, analog and Taxol markedly inhibited
the growth of human breast cancer cells (MCF-7) in vivo without causing either hypercalcemia,
hematopoietic cytopenias or other major side-effects. This combination has the potential for
treatment of breast cancer patients, especially in the adjuvant setting.

Chemoprevention of breast cancer is an active area of basic science and clinical investigation.
Our work is the first report showing the possibility of a PPARYy ligand having chemopreventive
properties. Furthermore, an RXR-selective ligand appears to enhance this activity. Because
both of these drugs possess relatively minor toxicity profiles, this combination may be a good
candidate for an in vivo breast cancer chemoprevention study.

Cyr61 has previously been identified in other tissue types and has been associated with
angiogenesis and metastasis. We have found that selected breast cancer cell lines as well as
an array of fresh breast cancers have prominent expression of this gene. Interestingly, normal
breast tissue did not express this gene at all. However, the gene was activated when the
normal breast cells were exposed to estrogen, and expression was blocked when exposed to
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an estrogen receptor inhibitor (tamoxifen). Our studies of Cyr61 may have important
implications for our understanding of the progression of breast cancer.

STATEMENT OF WORK

Specific Aim 1: We continue to pursue our studies of novel vitamin D, analogs as single
agents or in combination for their ability to inhibit clonal proliferation, and induce
apoptosis and differentiation of breast cancer cells.

Specific Aim 2: We have studied the effects of vitamin D, analogs in our in vivo models.

Specific Aim 3: We ahve identified new genes associated with the tumorigenesis of
breast cancer.

Specific Aim 4: We continue our collaboration with Dr. Daniela Sanitoli in examining the
effects of TALL-104 cells in vifro and in vivo in breast cancer cells.
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